Background: Increasing data suggest that aspirin use may improve cancer survival; however, the evidence is sparse for ovarian cancer.
Despite some advances in treatment modalities, the survival of ovarian cancer has hardly improved for decades and identification of modifiable factors that can improve the prognosis of ovarian cancer patients remains a high priority (Allemani et al, 2015) .
Several epidemiologic studies suggest improved cancer outcomes with regular aspirin use among patients with clinically manifest cancer, and a number of randomised clinical trials are currently ongoing to evaluate the role of aspirin in the treatment of common cancers, notably colorectal cancer (Coyle et al, 2016; Elwood et al, 2016) . The exact mechanisms behind the antineoplastic effects of aspirin remain to be established (Thun et al, 2012; Umar et al, 2016) . For ovarian cancer, some studies in murine models and human cell lines have demonstrated an interaction between platelets and proliferation, angiogenesis, and metastasis of ovarian tumours, suggesting a role for aspirin via the antiplatelet effect (Cooke et al, 2015; Cho et al, 2017) ; however, other mechanisms have also been suggested (Hudson et al, 2008; Gates et al, 2010) . Only few epidemiologic studies of ovarian cancer patients have evaluated outcomes associated with aspirin use and the results have been too equivocal to allow efficient design of clinical trials (Minlikeeva et al, 2015; Nagle et al, 2015; Bar et al, 2016; Dixon et al, 2017; Verdoodt et al, 2017b) . A pooled analysis of 12 studies within the Ovarian Cancer Association Consortium (OCAC) reported a neutral association between aspirin use and overall survival among ovarian cancer patients; however, aspirin exposure was self-reported and only prediagnosis use was evaluated (Dixon et al, 2017) . The influence of postdiagnosis aspirin use, a clinically more relevant exposure, has been explored in only one small cohort study reporting a statistically significant 50% reduction in overall mortality with aspirin use (Bar et al, 2016) . This prompted us to conduct a cohort study of postdiagnosis low-dose aspirin use and mortality among ovarian cancer patients in Denmark, using the unique Danish nationwide registries.
MATERIALS AND METHODS
From the Danish Cancer Registry, we identified all women aged 30-84 years with incident primary epithelial ovarian cancer between 2000 and 2012 and no history of cancer (except nonmelanoma skin cancer). Information on filled prescriptions for low-dose aspirin and other drugs, tumour and patient characteristics, comorbid conditions, and mortality outcomes were retrieved from nationwide demographic, prescription, and patient registries, using the unique civil registration number assigned to all Danish residents for linkage. The Supplementary Material provides a detailed description of the registries, with codes for ovarian cancer, drug exposure, and covariates.
The study outcomes were ovarian cancer-specific and othercause mortality. Patients were followed from 1 year after ovarian cancer diagnosis until death, migration, or end of the study (31 December 2013).
We defined postdiagnosis use of low-dose (75-150 mg) aspirin as X1 prescription filled after the ovarian cancer diagnosis. Prediagnosis use of low-dose aspirin was defined as X1 prescription within 5 years before the ovarian cancer diagnosis. In the primary analysis, we assessed postdiagnosis use of low-dose aspirin as a time-varying covariate lagged by 1 year (Chubak et al, 2013) . Thus, postdiagnosis low-dose aspirin users were regarded as non-users until 1 year after their first prescription.
In secondary analyses, we evaluated the influence of timing of low-dose aspirin use by developing a supplementary time-varying exposure matrix: (1) no pre-or postdiagnosis use (reference group), (2) prediagnosis use only, (3) pre-and postdiagnosis use, and (4) postdiagnosis use only.
In two sensitivity analyses with fixed exposure periods, low-dose aspirin use was assessed from time of diagnosis until the start of follow-up at 1 or 3 years following the ovarian cancer diagnosis, and was considered invariable thereafter (Verdoodt et al, 2017a) .
We used Cox proportional hazard regression models to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between postdiagnosis low-dose aspirin use and ovarian cancer-specific and other-cause mortality. Minimally adjusted analyses included age at diagnosis, clinical stage, and year of diagnosis. Fully adjusted models further included tumour histology, chemotherapy, highest achieved education, disposable income, marital status, comorbid conditions, and non-aspirin drug use (Table 1 and Supplementary Material). The proportional hazards assumption was tested using scaled Schoenfeld residuals. Finally, we evaluated the influence of competing risks as a result of death from other causes using the subdistribution hazards model proposed by Fine and Gray adapted for time-dependent covariates (Fine and Gray, 1999) .
All analyses were performed using the R statistical software version 3.2.3 and the survival package (R Foundation for Statistical Computing, 2015; Therneau, 2015) . STROBE guidelines were used to outline this study (von Elm et al, 2007) . The Danish Data Protection Agency and Statistics Denmark's Scientific Board approved the study. According to Danish law, ethical approval is not required for registry-based studies (Thygesen et al, 2011) .
RESULTS
Among 5439 eligible women with a primary diagnosis of epithelial ovarian cancer, 4117 were alive 1 year after the diagnosis and included in our study. During a mean follow-up of 3.6 years (maximum 13 years), 2245 (55%) patients died and of these, 1903 (85%) women died from ovarian cancer. Characteristics of the study population are shown in Table 1 .
In the primary, time-varying analysis, we saw no association between postdiagnosis use of low-dose aspirin and ovarian cancer (HR: 1.02, 95% CI: 0.87-1.20) or other-cause (HR: 1.06, 95% CI: 0.77-1.47) mortality (Table 2) . Further, we observed no substantial variation in HRs according to estimated dose (tablet size), cumulative amount of postdiagnosis low-dose aspirin use, or with timing of use (Table 2) . Stratification according to tumour histology (Table 3) , age at diagnosis, clinical stage, or year of diagnosis (Online Supplementary eTable 2) did not materially influence the associations.
We also observed overall neutral associations for ovarian cancer-specific and other-cause mortality in sensitivity analyses, except for an increased HR with short duration of low-dose aspirin use in the 3-year analysis; however, these estimates were based on small numbers (Supplementary eTable 3) . Finally, analyses accounting for competing risks (Fine and Gray) exhibited results similar to those of the primary analyses (data not shown).
DISCUSSION
Our finding of a null association between use of low-dose aspirin and mortality after ovarian cancer is compatible with the results of the OCAC study based on prediagnosis use, but our results are in contrast to a previous study reporting a substantial reduction in overall mortality among ovarian cancer patients with postdiagnosis aspirin use (Bar et al, 2016) . However, besides a small sample size, the latter cohort study was prone to time-related bias which are likely to have influenced the estimates (Chubak et al, 2013) .
In our study, we evaluated the influence of low-dose aspirin on mortality after ovarian cancer, assuming that one tablet was equivalent to daily use. Higher dosages of aspirin might be required to obtain a beneficial effect on ovarian cancer prognosis; however, this is not readily supported by analyses of various patterns of lowdose aspirin use in our study, or the similar associations for lowdose (o100 mg) and higher-dose (4100 mg) aspirin in the OCAC study (Dixon et al, 2017) . Moreover, for cancer in general, there is no solid evidence that doses of aspirin higher than those used in cardioprotection (75-150 mg) would provide stronger anticancer effects (Coyle et al, 2016; Elwood et al, 2016) .
Among the strengths of our study were the nationwide cohort, large study size, high-quality and continuously updated registry data, and complete follow-up. The use of the Danish Prescription Registry ensured complete assessment of prescription drug use. The study design eliminated recall bias, and minimised selection bias and time-related biases.
A limitation of our study was the lack of data on over-thecounter (OTC) purchases of aspirin. However, in Denmark, most (490%) of the total sales of low-dose aspirin are prescribed (Schmidt et al, 2014) , and this proportion may even be higher in cancer patients who are typically under close medical surveillance. High-dose (500 mg) aspirin preparations are mainly sold OTC in Denmark, and thus use of aspirin at this dose may have driven a possible slight inverse association towards the null given that highdose aspirin is more likely to be used by non-users of low-dose aspirin than among users. However, high-dose aspirin is mainly used for short-term treatment of transient, non-cancer-related pain and therefore OTC use of high-dose aspirin likely resulted in at most minor misclassification of long-term aspirin use. Moreover, the absence of any material differences in associations with increasing dose and cumulative amount of low-dose aspirin indicates that OTC sales of high-dose aspirin likely did not have major impact on our results. Furthermore, in Denmark, regular use of drugs, including high-dose aspirin, is generally prescribed because of at least 50% cost reimbursement and the need for medical surveillance for adverse effects (Schmidt et al, 2014) . In our study population, only five patients filled a minimum of one prescription for high-dose aspirin, thus suggesting that use of aspirin at this dose was indeed only sporadical. Still, although we adjusted for several potential confounding factors, residual Sulfonylureas, a-glucosidase inhibitors, thiazolinediones, dipeptidyl-peptidase-4 inhibitors, and other blood glucose-lowering drugs. f Not included in multivariable-adjusted analysis due to low numbers.
confounding could have been introduced by lifestyle factors, such as physical activity, smoking and obesity, or other unmeasured factors potentially associated with both low-dose aspirin use and ovarian cancer mortality.
In conclusion, we found no evidence of reduced mortality among ovarian cancer patients associated with postdiagnosis use of low-dose aspirin. Adjusted for age at diagnosis, year of diagnosis, clinical stage, chemotherapy, highest achieved education, disposable income, marital status, use of non-aspirin drugs, and comorbid conditions.
